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The raw materials used for the studies was a semifinished product obtained from the Maikain deposit (in Kazakhstan). This material is a multicomponent sulfide concentrate that cannot be processed by selective flotation. The chemical composition of the flotation concentrate (in terms of the dry raw materials) is as follows: Cu 6.10; Zn 8.70; S 53.00; Fe 28.80; As 0.48; Pb 1.11; Au (g/ton) 11.50; Ag (g/ton) 81.00; Ca 1.24; Mg 0.48.
The semifinished product was delivered for the leaching operation, which also involved the use of 57% nitric acid and water used to wash the leached product (L:S = 5.1). Fresh nitric acid was used in the first cycle, while a substantial part of the oxidant used in the subsequent cycles was nitric acid obtained in the regeneration stage.
The process took 2 hours. The pulp that was obtained was sent to the filtration stage, which yielded a productive solution that was dispatched to the next processing stage and a deposit which contained undissolved components of the raw material (mainly lead), compounds from the country rocks, and noble metals that can be recovered later by conventional methods. The deposit was washed, dried, and weighed and the wash water was returned to the leaching stage.
The nitrose gases formed in the reaction of the nitric acid with the middlings were directed to an absorption column that was irrigated with wash water from the iron precipitation stage and was supplied with air to oxidize the gases to higher oxides of nitrogen. The nitrose gases and water vapor were subjected to preliminary cooling and condensation in a cooler-condenser. The regenerated nitric acid was returned to the leaching stage at the "head" of the production line. The productive solution obtained at the leaching stage was sent off to separate iron in the form of insoluble complexonates of the composition Fe 3 H 3 (ntph) 2 . To accomplish this, we also supplied nitryl trimethylene phosphoric acid (NTP) in a metal:ligand ratio equal to 3:2.
The reaction was accompanied by the momentary precipitation of a white cottony precipitate. However, to allow precipitation to proceed further to completion, the pulp was held for 1 hour while being continuously agitated. The filtered iron-bearing precipitate was washed, dried, and weighed.
The iron-phosphorus cake that was obtained can be used as a semifinished product at ferrous metallurgy plants to make a valuable iron-phosphorus master alloy. After the iron precipitation stage, the productive solution was dispatched to the next processing operation -the electrical extraction of copper. This process was carried out in an open electrolysis cell with forced circulation of the electrolyte.
The cathodes were made of an acid-resistant stainless steel, while the anodes were made of platinum-coated titanium.
The electrolyte obtained at the electrodeposition stage contained 20-25 g/dm 3 copper. Its acidity was on the order of 100 g/dm 3 . The duration of the process was 48 hours.
Cathode current density decreased from 200 to 50 A/m 2 as the electrolyte was depleted of copper. Voltage in the bath was kept within the range 1.8-2.4 V. Current efficiency was 91-93%. The cathodic precipitate was washed and weighed at the end of the process.
To remove the remaining copper from the depleted (to 1 g/dm 3 ) solution, sorption was performed on ion-exchange
